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METHOD AND APPARATUS FOR
DETECTING CORRECTNESS OF PITCH
PERIOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/CN2012/087512, filed on Dec. 26, 2012,
which claims prionity to Chinese Patent Application No.

2012101355298.4, filed on May 18, 2012, both of which are
hereby incorporated by reference 1n their entireties.

TECHNICAL FIELD

The present invention relates to the field of audio tech-
nologies, and more specifically, to a method and an appa-

ratus for detecting correctness of a pitch period.

BACKGROUND

In processing speech and audio signals, pitch detection 1s
one of key technologies 1n various actual speech and audio
applications. For example, the pitch detection 1s the key
technology 1n applications of speech encoding, speech rec-
ognition, karaoke, and the like. Pitch detection technologies
are widely applied to various electronic devices, such as, a
mobile phone, a wireless apparatus, a personal digital assis-
tant (PDA), a handheld or portable computer, a global
positioning system (GPS) receiver/navigator, a camera, an
audio/video player, a video camera, a video recorder, and a
survelllance device. Therefore, accuracy and detection efli-
ciency ol the pitch detection directly affect the eflect of
various actual speech and audio applications.

Current pitch detection 1s basically performed 1n a time
domain, and generally, a pitch detection algorithm 1s a time
domain autocorrelation method. However, 1n actual appli-
cations, pitch detection performed 1n the time domain often
leads to a frequency multiplication phenomenon, and 1t 1s
hard to desirably solve the frequency multiplication phe-
nomenon 1n the time domain, because large autocorrelation
coellicients are obtained both for a real pitch period and a
multiplied frequency of the real pitch period, and 1n addi-
tion, 1n a case with background noise, an 1nitial pitch period
obtained by open-loop detection 1n the time domain may
also be maccurate. Here, a real pitch period 1s an actual pitch
period 1 speech, that 1s, a correct pitch period. A pitch
period refers to a minimum repeatable time interval in
speech.

Detecting an 1mitial pitch period 1n a time domain 1s used
as an example, Most speech encoding standards of the
International Telecommunication Union Telecommunica-
tion Standardization Sector (ITU-T) require pitch detection
to be performed, but almost all of the pitch detection 1s
performed in a same domain (a time domain or a frequency
domain). For example, an open-loop pitch detection method
performed only 1n a perceptual weighted domain 1s applied
in the speech encoding standard G729.

In this open-loop pitch detection method, after an 1nitial
pitch period 1s obtained by open-loop detection 1n the time
domain, correctness of the initial pitch period is not per-
tormed, but close-loop fine detection 1s directly performed
on the mitial pitch period. The close-loop fine detection 1s
performed in a period iterval including the initial pitch
period obtained by the open-loop detection, so that if the
initial pitch period obtained by the open-loop detection 1s
incorrect, a pitch period obtained by the final close-loop fine
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detection 1s also incorrect. In other words, because it 1s
extremely hard to ensure that the initial pitch period
obtained by the open-loop detection in the time domain 1s
absolutely correct, 1 an incorrect initial pitch period 1is
applied to the following processing, final audio quality may
deteriorate.

In addition, in the prior art, 1t 1s also proposed to change
the pitch period detection performed in the time domain to
pitch period fine detection performed in the frequency
domain, but the pitch period fine detection performed in the
frequency domain 1s extremely complex. In the fine detec-
tion, further pitch detection may be performed on an input
signal in the time domain or the frequency domain according,
to the 1mtial pitch period, including short-pitch detection,
fractional pitch detection, or multiplied frequency pitch
detection.

SUMMARY

Embodiments of the present invention provide a method
and an apparatus for detecting correctness of a pitch period,
s0 as to solve a problem 1n the prior art that when correctness
of an 1nitial pitch period 1s detected 1n a time domain or a

frequency domain, accuracy 1s low and complexity 1s rela-
tively high.

According to one aspect, a method for detecting correct-
ness of a pitch period 1s provided, including determining,
according to an initial pitch period of an input signal 1n a
time domain, a pitch frequency bin of the input signal, where
the 1nitial pitch period 1s obtained by performing open-loop
detection on the mput signal; determining, based on an
amplitude spectrum of the iput signal in a frequency
domain, a pitch period correctness decision parameter, asso-
ciated with the pitch frequency bin, of the mput signal; and
determining correctness of the mitial pitch period according
to the pitch period correctness decision parameter.

According to another aspect, an apparatus for detecting
correctness of a pitch period 1s provided, mcluding a pitch
frequency bin determiming umit configured to determine,
according to an initial pitch period of an input signal 1n a
time domain, a pitch frequency bin of the input signal, where
the 1nitial pitch period 1s obtained by performing open-loop
detection on the mput signal; a parameter generating unit
configured to determine, based on an amplitude spectrum of
the mput signal 1n a frequency domain, a pitch period
correctness decision parameter, associated with the pitch
frequency bin, of the mput signal; and a correctness deter-
mining unit configured to determine correctness of the mnitial
pitch period according to the pitch period correctness deci-
s10n parameter.

The method and apparatus for detecting correctness of a
pitch period according to the embodiments of the present
invention can improve, based on a relatively less complex
algorithm, accuracy of detecting correctness of a pitch
period.

BRIEF DESCRIPTION OF DRAWINGS

To describe the technical solutions in the embodiments of
the present mvention more clearly, the following briefly
introduces the accompanying drawings required for describ-
ing the embodiments. The accompanying drawings in the
following description show merely some embodiments of
the present invention, and a person of ordinary skaill in the art
may still dertve other drawings from these accompanying
drawings without creative eflorts.
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FIG. 1 1s a flowchart of a method for detecting correctness
of a pitch period according to an embodiment of the present
imnvention;

FIG. 2 1s a schematic structural diagram of an apparatus
for detecting correctness of a pitch period according to an
embodiment of the present ivention;

FIG. 3 1s a schematic structural diagram of an apparatus
for detecting correctness of a pitch period according to an
embodiment of the present invention;

FIG. 4 1s a schematic structural diagram of an apparatus
for detecting correctness of a pitch period according to an
embodiment of the present invention; and

FIG. § 1s a schematic structural diagram of an apparatus
for detecting correctness of a pitch period according to an
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

The following clearly describes the technical solutions in
embodiments of the present invention with reference to the
accompanying drawings in the embodiments of the present
invention. The described embodiments are a part rather than
all of the embodiments of the present invention. All other
embodiments obtained by a person of ordinary skill 1n the art
based on the embodiments of the present invention without
creative eflorts shall fall within the protection scope of the
present invention.

According to the embodiments of the present invention,
correctness of an initial pitch period obtained by open-loop
detection in a time domain 1s detected in a Irequency
domain, so as to avoid applying an incorrect initial pitch
period to the following processing.

An objective of the embodiments of the present invention
1s to perform further correctness detection on an 1nitial pitch
period, which 1s obtained by open-loop detection 1n the time
domain, so as to greatly improve accuracy and stability of
pitch detection by extracting eflective parameters in the
frequency domain and making a decision by combining
these parameters.

A method for detecting correctness of a pitch period
according to an embodiment of the present invention, as
shown 1n FIG. 1, includes the following steps.

11. Determine, according to an initial pitch period of an
input signal 1n a time domain, a pitch frequency bin of the
input signal, where the mnitial pitch period 1s obtained by
performing open-loop detection on the mput signal.

Generally, the pitch frequency bin of the input signal 1s
reversely proportional to the initial pitch period of the input
signal, and 1s directly proportional to a quantity of points of
a fast Fourier transtorm (FFT) performed on the input signal.

12. Determine, based on an amplitude spectrum of the
input signal 1 a frequency domain, a pitch period correct-
ness decision parameter, associated with the pitch frequency
bin, of the mput signal.

The pitch period correctness decision parameter includes
a spectral difference parameter Difl_sm, an average spectral
amplitude parameter Spec_sm, and a difference-to-ampli-
tude ratio parameter Difl_ratio. The spectral difference
parameter Difl_sm 1s a sum Difl_sum of spectral differences
ol a predetermined quantity of frequency bins on two sides
of the pitch frequency bin or a weighted and smoothed value
of the sum Difl_sum of the spectral diflerences of the
predetermined quantity of frequency bins on the two sides of
the pitch frequency bin. The average spectral amplitude
parameter Spec_sm 1s an average Spec_avg ol spectral
amplitudes of the predetermined quantity of frequency bins

on the two sides of the pitch frequency bin or a weighted and
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smoothed value of the average Spec_avg of the spectral
amplitudes of the predetermined quantity of frequency bins
on the two sides of the pitch frequency bin. The difference-
to-amplitude ratio parameter Difl_ratio 1s a ratio of the sum
Difl_sum of the spectral differences of the predetermined
quantity ol frequency bins on the two sides of the pitch
frequency bin to the average Spec_avg of the spectral
amplitudes of the predetermined quantity of frequency bins
on the two sides of the pitch frequency bin.

13. Determine correctness of the initial pitch period
according to the pitch period correctness decision parameter.

For example, when the pitch period correctness decision
parameter meets a correctness determining condition, 1t 1s
determined that the 1nitial pitch period 1s correct; and when
the pitch period correctness decision parameter meets an
incorrectness determining condition, it 1s determined that the
initial pitch period 1s icorrect.

The incorrectness determiming condition meets at least
one of the following: the spectral difference parameter
Difl_sm 1s less than a first difference parameter threshold,
he average spectral amplitude parameter Spec_sm 1s less
han a first spectral amplitude parameter threshold, and the

{
{
difference-to-amplitude ratio parameter Difl_ratio 1s less
than a first ratio factor parameter threshold. The correctness
C
{

letermining condition meets at least one of the following:
he spectral diflerence parameter Difl_sm 1s greater than a
second difference parameter threshold, the average spectral
amplitude parameter Spec_sm 1s greater than a second
spectral amplitude parameter threshold, and the difference-
to-amplitude ratio parameter Difl_ratio i1s greater than a
second ratio factor parameter threshold.

For example, in a case in which the incorrectness deter-
mining condition 1s that the spectral difference parameter
Difl_sm 1s less than the first difference parameter threshold
and the correctness determining condition 1s that the spectral
difference parameter Difl_sm 1s greater than the second
difference parameter threshold, the second diflerence param-
cter threshold 1s greater than the first difference parameter
threshold. Alternatively, 1n a case 1n which the incorrectness
determining condition 1s that the average spectral amplitude
parameter Spec_sm 1s less than the first spectral amplitude
parameter threshold and the correctness determining condi-
tion 1s that the average spectral amplitude parameter
Spec_sm 1s greater than the second spectral amplitude
parameter threshold, the second spectral amplitude param-
cter threshold 1s greater than the first spectral amplitude
parameter threshold. Alternatively, 1n a case i which the
incorrectness determining condition 1s that the difference-
to-amplitude ratio parameter Difl_ratio 1s less than the first
ratio factor parameter threshold and the correctness deter-
mining condition 1s that the difference-to-amplitude ratio
parameter Difl_ratio 1s greater than the second ratio factor
parameter threshold, the second ratio factor parameter
threshold 1s greater than the first ratio factor parameter
threshold.

Generally, 1f the 1nitial pitch period detected in the time
domain 1s correct, there must be a peak 1n a frequency bin
corresponding to the 1nitial pitch period, and energy 1s great;
and 11 the mitial pitch period detected 1n the time domain 1s
incorrect, then, fine detection may be further performed 1n
the frequency domain so as to determine a correct pitch
period.

In other words, when it 1s detected that the 1mitial pitch
period 1s 1ncorrect during the detecting, according to the
pitch period correctness decision parameter, the correctness
of the 1mitial pitch period, the fine detection 1s performed on
the 1mitial pitch period.

Alternatively, when it 1s detected that the initial pitch
period 1s incorrect during the detecting, according to the
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pitch period correctness decision parameter, the correctness
of the mtial pitch period, energy of the nitial pitch period
1s detected 1n a low-frequency range; and short-pitch detec-
tion (a manner of fine detection) 1s performed when the
energy meets a low-frequency energy determining condi-
tion.

Therefore, 1t can be learned that the method for detecting
correctness of a pitch period according to this embodiment
of the present invention can improve, based on a relatively
less complex algorithm, accuracy of detecting correctness of
a pitch period.

The following describes 1 detail a specific embodiment,
which mcludes the following steps.

1. Perform an N-point FFT on an input signal S(n), so as
to convert an input signal 1n a time domain to an input signal
in a frequency domain to obtain a corresponding amplitude
spectrum S(k) 1n the frequency domain, where N=256, 512,
or the like.

The amplitude spectrum S(k) may be obtained in the
following steps:

Step Al. Preprocess the mput signal S(n) to obtain a
preprocessed input signal S _(n), where the preprocessing
may be processing such as high-pass filtering, re-sampling,
or pre-weighting. Only the pre-weighting processing 1s
described herein using an example. The preprocessed 1nput
signal S | _(n) 1s obtained after the input signal S(n) passes a
first order high-pass filter, where the high-pass filter has a
filter factor Hpre_mph(z)ZI—OﬁSz‘l.

Step A2. Perform an FFT on the preproces sed iput signal

S (). In an embodiment, the FFT 1s performed on the
preprocessed 1nput signal S, (n) twice, where one 1s to
perform the FF'T on a preprocessed input signal of a current
frame, and the other 1s to perform the FFT on a preprocessed
input signal that includes a second half of the current frame
and a first half of a future frame. Before the FFT 1s
performed, the preprocessed input signal needs to be pro-
cessed by windowing, where a window function 1s:

2nn a1 )

) = 5111( ,
Lrrr LFrr

Weer(n) = \/0.5 — 0.5(:::15(

H=0,... :-LFFT_I-

L-~-1s a length of the FFT.

A windowed signal after a first analyzing window and a
second analyzing window are added to the preprocessed
input signal 1s:

(0]

WHJ(H)ZWFFI(H)SFFE(H): HZO: LR LFF.T_lz

S[l]wnd’(n):WFFT(H)S;}FE(H_FLFFT/Z)? HZO: -

where, the first analyzing window corresponds to the current
frame, and the second analyzing window corresponds to the
second hall of the current frame and the first half of the
tuture frame.

The FFT 1s performed on the windowed signal to obtain
a spectral coetlicient:

» LFFT_L
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-continued
N —

|—|.

[1] (n)fE
n=0

X[l](k

k=0,... ,K—-1, N = Lpgr,

where K<L ,..../2.

The first half of the future frame 1s from a next frame
(look-ahead) signal that 1s encoded 1n the time domain, and
the 1nput signal may be adjusted according to a quantity of
next frame signals. A purpose of performing the FFT twice
1s to obtain more precise frequency domain mnformation. In
another embodiment, the FFT may also be performed on the
preprocessed put signal S, (n) once.

Step A3. Calculate, based on the spectral coetlicient, an
energy spectrum.

E(0)=n) (XRE (0)+XR2 (Lrrr/2)),

E(=n(X2(b)+X k), k=1, . . . , K-1,

where X (k) and X (k) denote a real part and an imaginary
part of a k” frequency bin respectively; and 1 is a constant
which may be, for example, 4/(L ~~-*L 7).

Step A4. Perform weighting processing on the energy
spectrum.

E(b)=oE b +(1-a)EM (), k=0, . . ., K-1, a=l

Herein, E)(k) is an energy spectrum, calculated accord-
ing to the formula 1n step A3, of the spectral coetlicient

X®(k), and E")(k) is an energy spectrum, calculated
according to the formula 1n step A3, of the spectral coetl-
cient XM(k).

Step AS. Calculate an amplitude spectrum of a logarithm
domain.

S()=0 log o(Ve+E(K)), k=0, . . ., K—1,

where 0 1s a constant which may be, for example, 2; and €
1s a relatively small positive number to prevent a logarithm
value from overtlowing. Alternatively, log,, may be
replaced by log_ 1n a project implementation.

2. Perform open-loop detection on the iput signal 1n the
time domain to obtain an initial pitch period T __, steps of
which are as follows:

Step B1l. Convert the mput signal S(n) to a perceptual
weighted signal:

op?

r
swin)=s(n)+ Z a;yis(n — 1) a;yésw(n — 1)
i=1

i
i=1

n=0, .. N-1,

where a; 1s a linear prediction (LP) coeflicient, v, and v, are
perceptual weighting factors, p 1s an order of a perceptual
filter, and N 1s a frame length.

Step B2. Search for a greatest value in each of three
candidate detection ranges (for example, 1n a lower sampling
domain, the three candidate detection ranges may be [62
115]; [32 61]; and [17 31]) using a correlation function, and
use the greatest values as candidate pitches:

N—
R(k) =
n=>0

| —

swin)sw(n —K)
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where k 1s a value 1n a candidate detection range of a pitch
period, for example, k may be a value 1n the three candidate
detection ranges.

Step B3. Separately calculate normalized correlation
coellicients of the three candidate pitches:

R(1;)

\/Z swi(r — ;)

i=1,... ,3

R'(5) =

Step B4. Select an open-loop 1nitial pitch period T, by
comparing the normalized correlation coeflicients of the
ranges. Firstly, a period of a first candidate pitch 1s used as
an 1nitial pitch period. Then, 1f a normalized correlation
coellicient of a second candidate pitch 1s greater than or
equal to a product of a normalized correlation coeflicient of
the mitial pitch period and a fixed ratio factor, a period of the
second candidate 1s used as the initial pitch period; other-
wise, the 1mitial pitch period does not change. Finally, 11 a
normalized correlation coethlicient of a third candidate pitch
1s greater than or equal to a product of the normalized
correlation coetlicient of the imitial pitch period and the fixed
ratio factor, a period of the third candidate 1s used as the
initial pitch period; otherwise, the 1mitial pitch period does
not change. Refer to the following program expression:

T, =t

RI(Tc}p)= Rl(tl)

it R'(t;)=0.85 R(T,,)
R'(T,,)= R'(t;)
T,=t

end

it R'(t3)=0.85 R(T,,)
R'(T,,)= R'(t3)
T, =13

end

It can be understood that, no limitation 1s imposed on a
sequence of the foregoing steps of obtaining the amplitude
spectrum S(k) and the imitial pitch period T, ,. The steps may
be performed at the same time, or any step may be per-
formed first.

3. Obtamn a pitch frequency bin F_op according to a
quantity N of points of the FFT and the 1nitial pitch period
I_op. F_op=N/T,,

4. Calculate a sum Spec_sum of spectral amplitudes and
a sum Difl_sum of spectral amplitude differences of a
predetermined quantity of frequency bins on two sides of the
pitch frequency bin F_op, where the quantity of frequency
bins on the two sides of the pitch frequency bin F_op may
be preset.

Herein, the sum Spec_sum of the spectral amplitudes 1s a
sum of the spectral amplitudes of the predetermined quantity
of frequency bins on the two sides of the pitch frequency bin,
and the sum Difl__sum of spectral amplitude differences 1s a
sum of spectral differences of the predetermined quantity of
frequency bins on the two sides of the pitch frequency bin,
where spectral differences refer to diflerences between spec-
tral amplitudes of the predetermined quantity of frequency
bins on the two sides of the pitch frequency bin F_op and a
spectral amplitude of the pitch frequency bin. The sum
Spec_sum of spectral amplitudes and the sum Diff__sum of
spectral amplitude differences may be expressed in the
following program expression: Spec_sum[0]=0; Difl__sum
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[0]=0; for (i=1; i<2*F_op; i++) {Spec_sum[i]=Spec_sum][i-
11+S[1]; Diff_sum[i]=Diff_sum[i-1]+(S[F_op]-S[i]);}.
where 1 1s a sequence number of a frequency bin. In a project
implementation, an initial value of 1 may be set to 2, so as
to avold low-frequency interference of a lowest coetlicient.

5. Determine an average spectral amplitude parameter
Spec_sm, a spectral difference parameter Difl_sm, and a
difference-to-amplitude ratio parameter Difl_ratio.

The average spectral amplitude parameter Spec_sm may
be an average spectral amplitude Spec_avg of the predeter-
mined quantity of frequency bins on the two sides of the
pitch frequency bin F_op, that 1s, the sum Spec_sum of
spectral amplitudes divided by the quantity of all frequency
bins of the predetermined quantity of frequency bins on the
two sides of the pitch frequency bin F_op:
Spec_avg=Spec_sum/(2*F_op-1).

Further, the average spectral amplitude parameter
Spec_sm may also be a weighted and smoothed value of the
average spectral amplitude Spec_avg of the predetermined
quantity of frequency bins on the two sides of the pitch
frequency bin F_op:

Spec_sm=0.2*Spec_sm_pre+0.8*Spec_avg, where
Spec_sm_pre 1s a parameter being a weighted and smoothed
value of an average spectral amplitude of a previous frame.
In this case, 0.2 and 0.8 are weighting and smoothing
coellicients. Different weighting and smoothing coeflicients
may be selected according to different features of input
signals.

The spectral difference parameter Difl_sm may be a sum
Difl__sum of spectral amplitude differences or a weighted
and smoothed value of the sum Difl__sum of spectral ampli-
tude differences:

Dift__sm=0.4*Difl_sm_pre+0.6*Difl_sum, where Difl_
sm_pre 15 a parameter being a welghted and smoothed value
of a spectral diflerence of a previous frame. Here, 0.4 and
0.6 are weighting and smoothing coeflicients. Diflerent
weighting and smoothing coeflicients may be selected
according to different features of mnput signals.

As can be learned from the above, generally, a weighted
and smoothed value Spec_sm of an average spectral ampli-
tude parameter of a current frame 1s determined based on a
weighted and smoothed value Spec_sm_pre of an average
spectral amplitude parameter of a previous frame, and a
weighted and smoothed value Difl__sm of a spectral differ-
ence parameter of the current frame 1s determined based on
a weighted and smoothed value Difl_sm_pre of a spectral
difference parameter of the previous frame.

The diflerence-to-amplitude ratio parameter Difl_ratio 1s
a ratio of the sum Difl__sum of spectral amplitude diflerences
to the average spectral amplitude  Spec_avg.
Difl_ratio=Difl_sum/Spec_avg.

A smoothed average spectral amplitude parameter
Spec_sm and the spectral difference parameter Difl_sm.

6. According to the average spectral amplitude parameter
Spec_sm, the spectral difference parameter Difl__sm, and the
difference-to-amplitude ratio parameter Difi_ratio, deter-
mine whether the mitial pitch period T, 1s correct, and
determine whether to change a determining flag T_tlag.

For example, when the spectral difference parameter
Difl_sm 1s less than a first difference parameter threshold
Difl_thrl, the average spectral amplitude parameter
Spec_sm 1s less than a first spectral amplitude parameter
threshold Spec thrl, and the difference-to-amplitude ratio
parameter Difl_ratio 1s less than a first ratio factor parameter
threshold ratio_thrl, 1t 1s determined that the correctness tlag
T _flag 1s 1, and 1t 1s determined that the initial pitch period
1s 1correct according to the correctness flag. For another

[




US 9,633,666 B2

9

example, when the spectral difference parameter Difl_sm 1s

greater than a second difference parameter threshold Dii-

I thr2, the average spectral amplitude parameter Spec_sm 1s
greater than a second spectral amplitude parameter threshold
Spec_thr2, and the difference-to-amplitude ratio parameter
Difl_ratio 1s greater than a second ratio factor parameter

threshold ratio_thr2, 1t 1s determined that the correctness flag
T _flag 1s 0, and 1t 1s determined that the initial pitch period
1s correct according to the correctness flag. If not all cor-
rectness determining conditions are met and not all 1cor-
rectness determining conditions are met, an original flag
T_flag remains unchanged.

It should be understood that, the first difference parameter
threshold Difl_thrl, the first spectral amplitude parameter
threshold Spec_thrl, the first ratio factor parameter thresh-
old ratio_thrl, the second difference parameter threshold
Difi_thr2, the second spectral amplitude parameter threshold
Spec_thr2, and the second ratio factor parameter threshold
ratio_thr2 may be selected according to a requirement.

For an incorrect 1mitial pitch period detected according to
the foregoing method, fine detection may be performed on
the foregoing detection result, so as to avoid a detection
error of the foregoing method.

In addition, energy 1n a low-frequency range may be
further detected, so as to further detect the correctness of the
iitial pitch period. Short-pitch detection may be further
performed on a detected incorrect pitch period.

7.1. Whether energy of the initial pitch period 1s very
small 1n a low-frequency range may be further detected for
the mitial pitch period. When detected energy meets a
low-frequency energy determining condition, the short-pitch
detection 1s performed. The low-frequency energy determin-
ing condition specifies two low-Irequency energy relative
values that represent that the low-frequency energy 1s rela-
tively very small and the low-frequency energy is relatively
large. Therefore, when the detected energy meets that the
low-frequency energy 1s relatively very small, the correct-
ness tlag T_tlag 1s set to 1; and when the detected energy
meets that the low-frequency energy 1s relatively large, the
correctness flag T_flag 1s set to 0. If the detected energy does
not meet the low-frequency energy determining condition,
the original flag T_flag remains unchanged. When the cor-
rectness tlag T_flag 1s set to 1, the short-pitch detection 1s
performed. In addition to specitying the low-frequency
energy relative values, the low-frequency energy determin-
ing condition may also specily another combination of
conditions to increase robustness ol low-frequency energy
determining condition.

For example, two frequency bins 1_lowl and 1I_low?2 are
first set, energy being energy 1 and energy 2 of 1nitial pitch
periods 1n ranges between 0 and I__low1 and between 1_low]
and 1_low2 1s calculated separately, and then, an energy
difference between the energyl and the energy2 1s calcu-
lated: energy_difl=energy2-energyl. Further, the energy
difference may be weighted, and a weighting factor may be
a voicing degree factor voice factor, that 1s,
energy_difl_w=energy_difi*voice_factor. Generally, a
weilghted energy diflerence may be further smoothed, and a
result of the smoothing 1s compared with a preset threshold
to determine whether the energy of the mitial pitch period in
the low-Irequency range 1s missing.

Alternatively, the foregoing algorithm 1s simplified, so
that low-frequency energy of the mnitial pitch period 1n a
range 1s directly obtained, then, the low-frequency energy 1s
welghted and smoothed, and a result of the smoothing 1s
compared with a preset threshold.
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7.2. Perform the short-pitch detection, and determine,
according to the correctness flag T_flag or according to the
correctness tlag T_flag 1n combination with another condi-
tion, whether to replace the initial pitch period 1,, with a
result of the short-pitch detection. Alternatively, before the
short-pitch period 1s performed, whether it 1s necessary to
perform the short-pitch detection may be first determined
according to the correctness flag T_flag or according to the
correctness tlag T_flag 1n combination with another condi-
tion.

The short-pitch detection may be performed in the fre-
quency domain, or may be performed in the time domain.

For example, 1n the time domain a detection range of the
pitch period 1s generally from 34 to 231, to perform the
short-pitch detection 1s to search for a pitch period with a
range less than 34, and a method used may be a time domain
autocorrelation function method: R(T)=MAX{R(t), t<34};
if R(T) 1s greater than a preset threshold or an autocorrela-
tion value that i1s corresponding to the mnitial pitch period,
and when T_flag 1s 1 (another condition may also be added
here), T may be considered as a detected short-pitch period.

In addition to the short-pitch detection, multiplied-ire-
quency detection may also be performed. If the correctness
flag T_tlag 1s 1, 1t is indicated that the initial pitch period T,
1s 1ncorrect, and therefore the multiplied-frequency pitch
detection may be performed at a multiplied-frequency loca-
tion of the mitial pitch period T,,, where a multiplied-
frequency pitch period may be an 111tegral multiple of the
initial pitch period T, or may be a fractional multiple of the
initial pitch period T .

For step 7.1 and step 7.2, only step 7.2 may be performed
to simplify the process of the fine detection.

8. All of the steps 1 to 7.2 are performed for a current
frame. After the current frame 1s processed, a next frame
needs to be processed. Therefore, for the next frame, an
average spectral amplitude parameter Spec_sm and a spec-
tral diflerence parameter Difl_sm of the current frame are
used a parameter Spec_sm_pre being a weighted and
smoothed value of an average spectral amplitude of a
previous frame and a parameter Difl_sm_pre being a
weighted and smoothed value of a spectral difference of the
previous Irame, and are temporarily stored to implement
parameter smoothing of the next frame.

Therefore, 1t can be learned that 1n this embodiment of the
present invention, after an initial pitch period 1s obtained
during open-loop detection, correctness of the initial pitch
period 1s detected 1n a frequency domain, and 11 1t 1s detected
that the 1mitial pitch period 1s incorrect, the initial pitch
period 1s corrected using fine detection, so as to ensure the
correctness of the mmitial pitch period. In the method for
detecting correctness of an initial pitch period, a spectral
difference parameter, an average spectral amplitude (or
spectral energy) parameter and a difference-to-amplitude
ratio parameter of a predetermined quantity of frequency
bins on two sides of a pitch frequency bin need to be
extracted. Because complexity of extracting these param-
cters 1s low, this embodiment of the present invention can
ensure that a pitch period with relatively high correctness 1s
output based on a less complex algorithm. In conclusion, the
method for detecting correctness of a pitch period according
to this embodiment of the present invention can improve,
based on a relatively less complex algorithm, accuracy of
detecting correctness of a pitch period.

The following describes apparatuses for detecting cor-
rectness ol a pitch period according to embodiments of the
present invention in detail with reference to FIG. 2 to

FIG. 4.
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In FIG. 2, an apparatus 20 for detecting correctness of a
pitch period includes a pitch frequency bin determining unit
21, a parameter generating unit 22, and a correctness deter-
mimng unit 23.

The pitch frequency bin determining unit 21 1s configured
to determine, according to an initial pitch period of an input
signal 1n a time domain, a pitch frequency bin of the input
signal, where the 1nitial pitch period 1s obtained by perform-
ing open-loop detection on the input signal. The pitch
frequency bin determining unit 21 determines the pitch
frequency bin based on the following manner: the pitch
frequency bin of the mput signal i1s reversely proportional to
the matial pitch period, and 1s directly proportional to a
quantity of points of an FFT performed on the imput signal.

The parameter generating unit 22 1s configured to deter-
mine, based on an amplitude spectrum of the input signal in
a frequency domain, a pitch period correctness decision
parameter, associated with the pitch frequency bin, of the
input signal. The pitch period correctness decision param-
cter generated by the parameter generating unit 22 includes

* 'yt

a spectral diflerence parameter Difl__sm, an average spectral

* [

amplitude parameter Spec_sm, and a difference-to-ampli-

* 'y

tude ratio parameter Difl_ratio. The spectral difference
parameter Difl_sm 1s a sum Difl__sum of spectral differences
ol a predetermined quantity of frequency bins on two sides
of the pitch frequency bin or a weighted and smoothed value
of the sum Difl_sum of the spectral differences of the
predetermined quantity of frequency bins on two sides of the
pitch frequency bin. The average spectral amplitude param-
cter Spec_sm 1s an average Spec_avg ol spectral amplitudes
of the predetermined quantity of frequency bins on the two
sides of the pitch frequency bin or a weighted and smoothed
value of the average Spec_avg of the spectral amplitudes of
the predetermined quantity of frequency bins on the two
sides of the pitch frequency bin. The diflerence-to-amplitude
ratio parameter Difl_ratio 1s a ratio of the sum Difl__sum of
the spectral differences of the predetermined quantity of
frequency bins on the two sides of the pitch frequency bin
to the average Spec_avg of the spectral amplitudes of the
predetermined quantity of frequency bins on the two sides of
the pitch frequency bin.

The correctness determining unit 23 1s configured to
determine correctness of the initial pitch period according to
the pitch period correctness decision parameter.

When the correctness determining unit 23 determines that
the pitch period correctness decision parameter meets a
correctness determining condition, the correctness determin-
ing unit 23 determines that the initial pitch period is correct;
or, when the correctness determining unit 23 determines that
the pitch period correctness decision parameter meets an
incorrectness determiming condition, the correctness deter-
mimng unit 23 determines that the imitial pitch period 1s
incorrect.

Herein, the incorrectness determining condition meets at
least one of the following: the spectral difference parameter
Diff_sm 1s less than or equal to a first difference parameter
threshold, the average spectral amplitude parameter
Spec_sm 15 less than or equal to a first spectral amplitude
parameter threshold, and the difference-to-amplitude ratio
parameter Difl_ratio 1s less than or equal to a first ratio factor
parameter threshold.

The correctness determining condition meets at least one
of the following: the spectral difference parameter Difl_sm
1s greater than a second diflerence parameter threshold, the
average spectral amplitude parameter Spec_sm 1s greater

than a second spectral amplitude parameter threshold, and
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the difference-to-amplitude ratio parameter Difl_ratio 1s
greater than a second ratio factor parameter threshold.

Optionally, as shown in FIG. 3, compared with the
apparatus 20, an apparatus 30 for detecting correctness of a
pitch period further includes a fine detecting unit 24 con-
figured to, when it 1s detected that the 1mitial pitch period 1s
incorrect during the detecting, according to the pitch period
correctness decision parameter, the correctness of the initial
pitch period, perform fine detection on the mmput signal.

Optionally, as shown in FIG. 4, compared with the
apparatus 30, an apparatus 40 for detecting correctness of a
pitch period may further include an energy detecting unit 235
configured to, when an incorrect initial pitch period 1is
detected during the detecting, according to the pitch period
correctness decision parameter, the correctness of the mitial
pitch period, detect energy of the iitial pitch period 1n a
low-frequency range. Then, the fine detecting unit 24 per-
forms short-pitch detection on the mput signal when the
energy detecting unit 25 detects that the energy meets a
low-frequency energy determining condition.

Therefore, 1t can be learned that the apparatus for detect-
ing correctness of a pitch period according to this embodi-
ment of the present mvention can improve, based on a
relatively less complex algorithm, accuracy of detecting
correctness of a pitch period.

Referring to FIG. 5, 1n another embodiment, an apparatus
for detecting correctness of a pitch period includes a receiver
configured to receive an 1put signal; and a processor
configured to determine a pitch frequency bin of the nput
signal according to an initial pitch period of the input signal
in a time domain, where the 1itial pitch period 1s obtained
by performing open-loop detection on the input signal;
determine, based on an amplitude spectrum of the mput
signal 1n a frequency domain, a pitch period correctness
decision parameter, associated with the pitch frequency bin,
of the mput signal; and determine correctness of the initial
pitch period according to the pitch period correctness deci-
s10n parameter.

It should be understood that, the processor may imple-
ment each step i the foregoing method embodiments.

A person of ordinary skill in the art may be aware that, 1n
combination with the examples described in the embodi-
ments disclosed in this specification, umts and algorithm
steps may be implemented by electronic hardware or a
combination of computer software and electronic hardware.
Whether the functions are performed by hardware or sofit-
ware depends on particular applications and design con-
straint conditions of the technical solutions. A person skilled
in the art may use different methods to implement the
described functions for each particular application, but 1t
should not be considered that the implementation goes
beyond the scope of the present invention.

It may be clearly understood by a person skilled 1n the art
that, for the purpose of convenient and brief description, for
a detailed working process of the foregoing system, appa-
ratus, and unit, reference may be made to a corresponding
process 1n the foregoing method embodiments, and details
are not described herein again.

In the several embodiments provided in the present appli-
cation, 1t should be understood that the disclosed system,
apparatus, and method may be implemented in other man-
ners. For example, the described apparatus embodiment 1s
merely exemplary. For example, the unit division 1s merely
logical function division and may be other division in actual
implementation. For example, a plurality of units or com-
ponents may be combined or integrated into another system,
or some features may be 1gnored or not performed. In
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addition, the displayed or discussed mutual couplings or
direct couplings or communication connections may be
implemented through some interfaces. The indirect cou-
plings or communication connections between the appara-
tuses or units may be implemented in electronic, mechani- 5
cal, or other forms.

The units described as separate parts may or may not be
physically separate, and parts displayed as units may or may
not be physical units, may be located 1n one position, or may
be distributed on a plurality of network units. A part or all 10
of the units may be selected according to actual needs to
achieve the objectives of the solutions of the embodiments.

In addition, functional units 1n the embodiments of the
present 1nvention may be integrated into one processing
unit, or each of the units may exist alone physically, or two 15
or more units are integrated into one unit.

When the functions are implemented i a form of a
software functional unit and sold or used as an independent
product, the functions may be stored 1n a computer-readable
storage medium. Based on such an understanding, the tech- 20
nical solutions of the present invention essentially, or the
part contributing to the prior art, or a part of the technical
solutions may be mmplemented 1 a form of a software
product. The software product 1s stored 1n a storage medium,
and 1ncludes several instructions for instructing a computer 25
device (which may be a personal computer, a server, or a
network device) to perform all or a part of the steps of the
methods described in the embodiments of the present inven-
tion. The foregoing storage medium includes any medium
that can store program code, such as a universal serial bus 30
(USB) flash drive, a removable hard disk, a read-only
memory (ROM), a random access memory (RAM), a mag-
netic disk, or an optical disc.

The foregoing descriptions are merely specific implemen-
tation manners of the present invention, but are not intended 35
to limit the protection scope of the present invention. Any
variation or replacement readily figured out by a person
skilled 1n the art within the technical scope disclosed 1n the
present invention shall fall within the protection scope of the
present invention. Therefore, the protection scope of the 40
present invention shall be subject to the protection scope of
the claims.

What 1s claimed 1s:
1. A method for detecting correctness of a pitch period, 45
comprising;

determining, by a processor and according to an initial
pitch period of an mput signal comprising a speech
signal or an audio signal 1n a time domain, a pitch
frequency bin of the input signal, wherein the mitial 50
pitch period 1s obtamned by performing open-loop
detection on the input signal;

determining, by the processor and based on an amplitude
spectrum of the input signal 1n a frequency domain, a
pitch period correctness decision parameter of the imnput 55
signal associated with the pitch frequency bin; and

determining, by the processor, correctness of the initial
pitch period according to the pitch period correctness
decision parameter,

wherein the pitch period correctness decision parameter 60
comprises a spectral difference parameter, an average
spectral amplitude parameter, and a difference-to-am-
plitude ratio parameter,

wherein the spectral diflerence parameter 1s a weighted
and smoothed value of a sum of spectral differences of 65
predetermined quantity of frequency bins on two sides
of the pitch frequency bin,

14

wherein the average spectral amplitude parameter 1s a
welghted and smoothed value of an average of spectral
amplitudes of the predetermined quantity of frequency
bins on the two sides of the pitch frequency bin, and

wherein the difference-to-amplitude ratio parameter 1s a
ratio of the sum of the spectral differences of the
predetermined quantity of frequency bins on the two
sides of the pitch frequency bin to the average of the
spectral amplitudes of the predetermined quantity of

frequency bins on the two sides of the pitch frequency
bin.

2. The method according to claim 1, wherein determining,
the correctness of the 1mitial pitch period according to the
pitch period correctness decision parameter comprises:

determiming that the initial pitch period 1s correct when

the pitch period correctness decision parameter meets a
correctness determining condition; and

determining that the mnitial pitch period 1s incorrect when

the pitch period correctness decision parameter meets
an incorrectness determining condition.

3. The method according to claim 2, wherein the correct-
ness determining condition meets at least one of the follow-
ing conditions:

the spectral diflerence parameter 1s greater than a second

difference parameter threshold;

the average spectral amplitude parameter 1s greater than a

second spectral amplitude parameter threshold; and
the difference-to-amplitude ratio parameter 1s greater than
a second ratio factor parameter threshold, and
wherein the incorrectness determining condition meets at
least one of the following conditions:
the spectral difference parameter 1s less than a first
difference parameter threshold;
the average spectral amplitude parameter 1s less than a
first spectral amplitude parameter threshold; and
the difference-to-amplitude ratio parameter 1s less than
a first ratio factor parameter threshold.

4. The method according to claim 1, wherein the method
turther comprises performing, by the processor, fine detec-
tion on the input signal when it 1s detected that the initial
pitch period 1s incorrect during the detecting, according to
the pitch period correctness decision parameter, the correct-
ness of the mitial pitch period.

5. The method according to claim 1, wherein, after the
determining correctness of the 1nitial pitch period according
to the pitch period correctness decision parameter, the
method further comprises:

detecting, by the processor, energy in a low-frequency

range; and

performing, by the processor, short-pitch detection on the

input signal when the energy meets a low-Irequency
energy determining condition.

6. The method according to claim 1, wherein the pitch
frequency bin of the input signal 1s reversely proportional to
the mitial pitch period and i1s directly proportional to a
quantity of points of a fast Fourier transform performed on
the mput signal.

7. An apparatus for detecting correctness of a pitch period
comprising;

a memory comprising instructions; and

one or more processors 1 commumnication with the

memory, wherein the one or more processors are con-

figured to execute the instructions to:

determine, according to an initial pitch period of an
input signal comprising a speech signal or an audio
signal 1n a time domain, a pitch frequency bin of the




US 9,633,666 B2

15

input signal, wheremn the initial pitch period 1s
obtained by performing open-loop detection on the
input signal;

determine, based on an amplitude spectrum of the mnput
signal 1n a frequency domain, a pitch period correct-
ness decision parameter of the mput signal associ-
ated with the pitch frequency bin; and

determine correctness of the 1nitial pitch period accord-
ing to the pitch period correctness decision param-
cler,

wherein the pitch period correctness decision parameter
comprises a spectral difference parameter, an average
spectral amplitude parameter, and a difference-to-am-
plitude ratio parameter,

wherein the spectral diflerence parameter 1s a weighted
and smoothed value of a sum of spectral differences of

predetermined quantity of frequency bins on two sides
of the pitch frequency bin,

wherein the average spectral amplitude parameter 1s a
weilghted and smoothed value of an average of spectral
amplitudes of the predetermined quantity of frequency
bins on the two sides of the pitch frequency bin, and

wherein the difference-to-amplitude ratio parameter 1s a
ratio of the sum of the spectral differences of the
predetermined quantity of frequency bins on the two
sides of the pitch frequency bin to the average of the
spectral amplitudes of the predetermined quantity of
frequency bins on the two sides of the pitch frequency
bin.

8. The apparatus according to claim 7, wherein the
processor further executes instructions to perform fine detec-
tion on the mput signal, when 1t 1s detected that the nitial
pitch period 1s incorrect during the detecting, according to
the pitch period correctness decision parameter, the correct-
ness of the iitial pitch period.

9. The apparatus according to claim 7, wherein the
processor further executes instructions to:

detect energy of the initial pitch period 1n a low-frequency
range, when an mcorrect nitial pitch period 1s detected
during the detecting, according to the pitch period
correctness decision parameter, the correctness of the
initial pitch period; and

perform short-pitch detection on the mput signal when the

energy meets a low-frequency energy determining con-
dition.

10. The apparatus according to claim 7, wherein the pitch

frequency bin of the mput signal 1s reversely proportional to

the mitial pitch period and i1s directly proportional to a

quantity of points of a fast Founier transform performed on
the mput signal.

11. The apparatus according to claam 7, wherein to
determine correctness of the initial pitch period according to
the pitch period correctness decision parameter, the proces-
sor executes instructions to:

determine that the mitial pitch period 1s correct when 1t 1s
determined that the pitch period correctness decision
parameter meets a correctness determining condition;
and

determine that the initial pitch period 1s incorrect when it
1s determined that the pitch period correctness decision
parameter meets an ncorrectness determiming condi-
tion.
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12. An apparatus for detecting correctness of a pitch
period comprising:
a memory comprising instructions; and
one or more processors 1n communication with the
memory, wherein the one or more processors are con-
figured to execute the instructions to:
determine, according to an initial pitch period of an
input signal comprising a speech signal or an audio
signal 1n a time domain, a pitch frequency bin of the
input signal, wherein the initial pitch period 1s
obtained by performing open-loop detection on the
input signal;
determine, based on an amplitude spectrum of the input
signal 1n a frequency domain, a pitch period correct-
ness decision parameter of the mput signal associ-
ated with the pitch frequency bin; and
determine correctness of the mitial pitch period accord-
ing to the pitch period correctness decision param-
eler,
wherein the pitch period correctness decision parameter
comprises a spectral difference parameter, an average
spectral amplitude parameter, and a difference-to-am-
plitude ratio parameter,
wherein the spectral difference parameter 1s a sum of
spectral differences of a predetermined quantity of
frequency bins on two sides of the pitch frequency bin,
wherein the average spectral amplitude parameter 1s an
average of spectral amplitudes of the predetermined
quantity of frequency bins on the two sides of the pitch
frequency bin, and
wherein the difference-to-amplitude ratio parameter 1s a
ratio of the sum of the spectral differences of the
predetermined quantity of frequency bins on the two
sides of the pitch frequency bin to the average of the
spectral amplitudes of the predetermined quantity of
frequency bins on the two sides of the pitch frequency
bin.
13. The apparatus according to claim 12, wherein to
determine correctness of the imitial pitch period according to

the pitch period correctness decision parameter, the proces-
sor executes instructions to:

determine that the mitial pitch period 1s correct when 1t 1s

determined that the pitch period correctness decision
parameter meets a correctness determining condition;
and

determine that the initial pitch period 1s incorrect when it

1s determined that the pitch period correctness decision
parameter meets an i1ncorrectness determimng condi-
tion.

14. The apparatus according to claim 13, wherein the
correctness determining condition meets at least one of the
tollowing conditions:

the spectral difference parameter 1s greater than a second

difference parameter threshold;

the average spectral amplitude parameter 1s greater than a

second spectral amplitude parameter threshold; and
the difference-to-amplitude ratio parameter 1s greater than
a second ratio factor parameter threshold, and
wherein the incorrectness determining condition meets at
least one of the following conditions:
the spectral difference parameter 1s less than a first
difference parameter threshold;
the average spectral amplitude parameter 1s less than a
first spectral amplitude parameter threshold; and
the difference-to-amplitude ratio parameter 1s less than
a first ratio factor parameter threshold.
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15. The apparatus according to claim 13, wherein the
correctness determining condition meets at least one of the
following conditions:

the spectral difference parameter 1s greater than a second

difference parameter threshold;

the average spectral amplitude parameter 1s greater than a

second spectral amplitude parameter threshold; and
the difference-to-amplitude ratio parameter 1s greater than
a second ratio factor parameter threshold, and
wherein the mcorrectness determining condition meets at
least one of the following conditions:
the spectral difference parameter 1s less than a first
difference parameter threshold;
the average spectral amplitude parameter 1s less than a
first spectral amplitude parameter threshold; and
the difference-to-amplitude ratio parameter 1s less than
a first ratio factor parameter threshold.
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